With the rise in popularity of e-books, there is a growing need to reexamine the pricing strategy in the e-book supply chain. In this paper, we study two forms of pricing models widely used in the book industry: wholesale and agency pricing models. We first assume a stylized deterministic demand model in which the demand depends on the price, the degree of substitution, and the overall market potential. Subsequently, we employ the game theory to determine the price equilibriums and profit distribution under different pricing models. Finally, we explore the behavior of the publisher and the retailer under different preferences and degrees of substitution through a computational study. Our findings indicate that the e-book price will be lower under the agency pricing model than under the wholesale pricing model, which is counterintuitive. The publishers have higher incentives to adopt the agency pricing model than the wholesale pricing model. The agency pricing model benefits the whole system and can provide readers with books at lower prices. The degree of substitution between the two forms of books and the readers' preference toward e-book will affect the books' price and the profit distribution between the publisher and the retailers.
Introduction
As e-books have become more popular, there is a growing need to examine the pricing strategy and coordination issues in the book supply chain. To promote e-book sales and readership, Amazon sets e-book prices at a low level, which consequently brought publishers the fear that e-book sales would cannibalize the sales of conventional paper books and hurt their profits. Therefore, to force Amazon to abandon its low-price strategy, HarperCollins and five other publishers settled a new contract with e-book retailer Apple to price the e-books under the agency pricing model. This move resulted in the emerging discussion of the difference between conventional wholesale pricing and the agency pricing model. To the best of our knowledge, only a few studies have dealt with the differences between these two kinds of pricing models when considering the competition between e-books and conventional paper books. The present study is an attempt to analyze the different prices of the books and the different behaviors of publishers and retailers under these two different pricing models. This paper aims to explore how the agency pricing model affects the prices of books, the participants' strategic behaviors, and the profit distribution between two competing book retailers. Specifically, we ask the following questions.
(i) Should we always expect e-book prices to be higher under the agency pricing model than under the conventional wholesale pricing model?
(ii) Do publishers receive more profit under the agency pricing model? Does the agency pricing model benefit the whole system? (iii) Does the degree of substitutability between the two forms of books affect the equilibriums? How do other factors such as reader's preference and the autonomy of the e-book retailers affect the results?
Our motivation for this research comes from several different sources, namely, digital supply chain coordination, dual-channel supply chain, and pricing modes of the information goods and the shift from p-books to e-books.
Mathematical Problems in Engineering
(1) Most of the previous studies on digital supply chains have explored the impact of piracy on the digital goods industries, especially in the software and music industries. For example, Chellappa and Shivendu [1] demonstrate that the contractual strategies in the physical product supply chains are often inapplicable to digital product manufacturers and retailers because of piracy. Feng [2] obtained similar results to those of Chellappa and Shivendu [1] . Jeong et al. [3] explore the impact of piracy on the digital music supply chain and analyze two contract types: fixed fee contract and per song contract. Their findings show that a fixed fee full transfer contract always coordinates with the supply chain. Khouja and Wang [4] find that piracy affects the decisions on channel selection and profit distribution. Khouja and Park [5] and Khouja and Smith [6] analyze the pricing policy of information goods under piracy. All these studies were conducted by disregarding the competition and cannibalization effect of digital goods on physical goods. Danaher et al. [7] analyze the impact of digital distribution on physical sales and piracy through a quasiexperimental study. Their results show that the correlation between digital distribution and piracy is strong, although the substitution between digital distribution and physical sales is not significant for the DVD industry. Deleersnyder et al. [8] also show that the fear of cannibalization in the newspaper industry has been largely overestimated.
(2) Many researchers have focused on dual-channel competitions and coordination in supply chain managements. Most of the literature studied the impact of internet channels on conventional retail channels. Several available review papers excellently addressed the impact of the internet on supply chain management, such as Keshinocak and Tayur [9] , Cattani and Gilland [10] , and Agatz et al. [11] .
Although the introduction of a second channel may attract more customers and improve sales, it may also undermine the existing channel relationships through possible competition and cannibalization. Nevertheless, some studies show that the competition and cannibalization effects are not as fierce as we expected. Lal and Sarvary [12] find that rather than intensifying price competition, introducing an internet channel can actually reduce it. Biyalogorsky and Naik [13] develop a method to facilitate the assessment of the impact of online activities on offline sales and find that online sales do not cannibalize retail sales significantly. Cai [14] analyzes whether the supplier and the retailer benefit from the addition of a new channel to the traditional single-channel supply chain, and their results indicate that it depends on such factors as channel base demand, channel operational costs, and channel substitutability. Likewise, Jeffers and Nault's [15] findings show that consumers do not benefit from a multichannel strategy when the disutility of buying online and shipping costs are relatively low. Forman et al. [16] empirically prove that the disutility of buying online will affect the channel cannibalization. Huang and Swaminathan [17] study the optimal pricing strategy after the introduction of an internet retail channel. In a recent study, Lu and Liu [18] analyze the pricing games in a distribution system, in which a supplier sells a common product through a conventional channel (physical retailer) and an e-commerce channel (e-tailers), with a focus on the dual-channel system model. All these studies indicate that although internet channels have many advantages over traditional retail channels, they will remain to coexist for a long time.
(3) There are some studies which have been conducted on the pricing models of information goods and the shift from p-books to e-books. For example, Jain and Kannan [19] have made the comparison between connected-time pricing strategy and search-based and subscription-fee pricing strategy. Chen and Seshadri [20] analyze the pricing strategy of the information goods when the customers are heterogeneous with regard to both marginal willingness to pay for the quality and outside opportunity. Most previous of the studies focus on how the information product is priced rather than who should price the information goods and most of these studies do not consider the cooperation between the supply chain participants. As for the cooperation between the powerful retailer like Amazon.com and some small publishers, the barging result is the ultimatum game, and we refer the readers to the works by Szolnoki et al. [21, 22] .
The studies conducted on the shift from p-books to ebooks show that although the e-books have a lot of advantage over p-books, p-books and e-books will coexist for a long time because of some reasons like readers' reading habit, low acceptance, and so on. The advantages of e-books were described as "instant, desktop access, ability to keyword search, portability, " (see Shelburne [23] ) being convenient for statistical analysis (e.g., for computational linguistic analysis like [24] [25] [26] ). The e-books also are facing some challenges. Pölönen et al. [27] demonstrate that reading from a hard copy was more comfortable than reading from e-books. Woody et al. [28] also find that students do not prefer ebooks for depth study. Huang and Hsieh [29] find that the consumer's perceived attributes will directly affect their acceptance behaviors and also influence their behavior via perception of the costs. In a word, although e-books have a lot of advantages over p-books, there are still some readers who prefer p-books to e-books now.
Only a few studies have been conducted on the impact of e-books on the sales of physical books. For example, Jiang and Katsamakas [30] explore the impact of the entry of an e-book seller on the strategic interaction in book markets and conclude that the market asymmetries, ownership of ebook sellers, and readers' preferences for e-books affect the prices, market shares, and total book readership. In analyzing publishers' channel selection, Hua et al. [31] find that the wholesale of p-book and reader acceptance of e-book affect the channel selection of publishers. Both studies do not consider the cooperation contract and profit division between the publisher and the retailers after the entry of e-books. The main contribution of our paper is that we study the two pricing models widely used in the book industry: wholesale and agency model pricing. Subsequently, we compare the different price equilibriums when considering the competition between the two forms of books.
Our primary findings are as follows. The prices of the two book forms are lower under the agency pricing model than those under the traditional wholesale model; the agency pricing model benefits the whole system and the publishers when the degree of substitutability is not very high; the readers' preference toward e-books, the degree of substitution between the two forms of books, and the ownership of the ebooks seller dictate how much the profit of the whole system and the publisher may increase.
The remainder of this paper is organized as follows. Section 2 introduces the basic model. Section 3 provides an analysis of the equilibrium outcome under the two different pricing models. Section 4 studies the impact of the parameters. Finally, Section 5 provides the conclusion and offers some directions for future works.
Model Formulation and Notations
To address the questions stated above, we construct a model with a publisher who simultaneously publishes both conventional paper books and e-books and two book retailers who retail p-books and e-books ( Figure 1 ). Let and denote the demand for p-books and e-books when their prices are at and , respectively. denotes the p-books' production cost, and and denote the profits of the pbook retailers and e-book retailers, respectively. We assume a linear downward sloping demand function. We utilize the demand function given by McGuire and Staelin [32] as follows:
where 0 ≤ ≤ 1, 0 ≤ < 1, and and are positive. The constant is a scale factor equal to the total demand for conventional books and e-books or market potential. The parameters and represent two different aspects: the absolute difference in demand and the substitutability of the two different forms of books. The parameter denotes the market share for conventional books caused by the readers' e-book acceptance, that is, the absolute difference in demand. When prices are equal, the ratio of the quantities of these two forms of books is /(1 − ). Changes in show the different preferences for different forms of books. Many factors influence the preference for e-books such as switching costs (Huang and Hsieh [29] ) and the subject of the titles [33] , among others [34, 35] . In contrast, the parameter affects the substitutability of the two forms of books. In our case, captures the extent to which e-book sales cannibalize the conventional paper books sales, which may be related to the type of readers and the subject of the titles. Parameters and provide information on the own-price and cross-price elasticity, respectively.
To guarantee that the quantities of the books are nonnegative, the above model also has the following constraints:
/(1 + ) ≤ ≤ 1/(1 + ) and ≤ 1. McGuire and Staelin [32] provide the derivation of the conditions. These constraints show that the market share of the p-books should be small or large enough to assure the existence of two forms of books in the market.
We consider two prevalent pricing strategies in the book industry: wholesale and agency pricing. Under the wholesale pricing strategy, the retailer makes its pricing decision after the publisher provides the wholesale prices of the books. Under the agency pricing strategy, the publisher has control over the e-book price, and the retailer just reserves partial revenue after paying the most part to the publisher. To capture the difference between the two pricing models, we then consider the results when all participants make decisions as a whole system.
Here, we use the Stackelberg model to analyze the equilibrium, similar to the analyses of other researchers. We assume that the publisher will make its decision as a Stackelberg leader under different pricing strategies.
Price Equilibriums under Different
Pricing Models
Under the Wholesale Pricing Model (Wholesale Pricing, WP).
Based on the wholesale prices of books under the wholesale pricing model, the conventional bookseller and the e-book seller choose their retail prices, maximizing their own independent profits. The profit functions of the retailers are
This problem is similar to the ones studied by MaGuire and Staelin [32] and Huang and Swaminathan [17] , whose studies give a Nash equilibrium. The retailers' reaction functions with optimal prices are given by * = −2 (1 + )
We can obtain the concavity as follows: the optimal prices of the two forms of books in the Nash equilibrium are concave decreasing functions with respect to , which is the substitutability factor between the two forms of books (as the first-order conditions are given by
Given the reaction functions, we can derive the publisher's profit function: Figure 1 : Dual channels of the book industry. The publisher provides two forms of books to the retailers. And the p-books are sold under the price-only contract, and the wholesale price and retail price of p-books are and respectively. The e-books can be sold either under wholesale pricing model or under agency pricing model.
In (4), F denotes the fixed cost of the e-books. The publisher will make its wholesale price decision by maximizing the profit, and thus we obtain the wholesale price of the books. Substituting the optimal wholesale prices, we can obtain the optimal wholesale prices and retail prices in the following proposition (all proofs are in the Appendix).
Proposition 1. The optimal wholesale prices and the retail prices of books under the wholesale pricing model are given by
Lemma 2. If the demand is symmetric in the book industry (i.e., = 1/2), the prices of books can be rewritten as follows:
Moreover, both prices of the books will decrease as the degree of substitutability increases.
Lemma 2 shows that when the degree of substitutability of the two forms of books increases, the competition between the retailers will be fiercer, and consequently the retailers will lower the prices of books to attract more readers.
Under the Agency Pricing Strategy (Agency Pricing, AP).
Under the agency pricing strategy, the publisher will price the e-books, and the e-book retailer will receive the rest of the revenue after giving a portion to the publisher. The conventional book retailers will price the pbooks to maximize their profit after the publisher gives the wholesale price of the p-books and the retail price of the e-books. If the e-book retailer is independent, the profit function of the conventional p-books retailer is as follows:
From the first order condition, we can obtain the price reaction function of the p-books retailer as follows:
As for the e-book retailer, the publisher decides on the price of the e-book, and thus the retailer only needs to bargain with the publisher on how much proportion of the revenue he/she should pay the publisher. We suppose that denotes the proportion the e-book retailer should give to the publisher. In the agency pricing model, it is usually set at 0.7 in practice. Therefore, we can obtain the profit function of the publisher:
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From the first-and the second-order conditions, we can conclude that when
2 ) < 0, the total profit of the publisher is concave with respect to and . We can also derive the optimal wholesale price of the p-books and the retail price of e-books in Proposition 3.
Proposition 3.
When the agency pricing strategy is adopted, the wholesale prices of p-books and the retail price of books are given by
If the demand is symmetric in the book industry (i.e., = 1/2), the prices of books can be rewritten as follows:
Consequently, we can analyze the change in price equilibriums when the substitutability between the two forms of books increases. First, we consider the situation in which = 0; that is, the two forms of books are independent. The factors that may affect the prices and the profit distribution between the participants are the cost of p-books and their own price elasticity. Table 1 gives the prices of books and profit when ebooks and p-books are independent.
Based on Table 1 , we can conclude that the prices of pbooks is equal under both wholesale pricing and agency pricing models. The price of e-books are higher under the wholesale pricing model, and the publisher gains more profit under the agency pricing model. Moreover, the total profit of the whole system is higher under the agency pricing model than under the wholesale pricing model when > 0.5.
Compare the previous prices under different pricing models, and then we can find which pricing strategy will benefit the readers most. To better understand the results, we use numerical analyses. Figure 2 presents the information on how the prices of books change when the substitutability grows. We demonstrate that the result still holds when the parameter changes in Section 4. Moreover, we can see that the prices of both books are lower under the agency pricing model. When the publisher provides an agency pricing contract for the retailers, its goal is to relieve the competition between e-books and p-books. In fact, the agency pricing model cannot help to achieve the initial goal. The prices of p-books are lower under the agency model than under the wholesale model. The prices of e-books are lower under the agency pricing model than under the wholesale pricing model, which is counterintuitive. Some people may argue that when the publisher and Apple set prices using the agency model, the price of the e-book is actually higher than that given by Amazon.
Indeed, it is not the pricing model that helps increase the prices but the publishers themselves who want to raise the prices. Their possible reasons for doing so are as follows. First, the rationale behind Amazon's move to engage in the aggressive discounting of e-books was to stimulate greater interest in its e-book reader, the Kindle. This paper ignores the sales of e-book readers, and we refer the reader to the analyses by Yu et al. [36] on the pricing issue when considering the ebook reader. Second, increasing the price of e-books is not wise for the publisher. In fact, increasing the prices of e-books will compel more and more readers to choose to buy p-books. Consequently, the publishers may gain less profit because of the p-books' higher cost disadvantage. Finally, increasing the prices will not relieve the degree of canalization, and in the end, the agency pricing model will bring the readers lower prices of e-books. To summarize, the readers' fear that the prices of e-books will increase after the agency pricing model is adopted appears to be misguided.
Lemma 5.
Given that the demand is symmetric (i.e., = 1/2) and = 0.7, the publishers have a higher incentive to adopt the agency model when the degree of substitutability is not very high because this model can bring more profits for the publisher. Figure 3 shows how the profit of the publisher under two different pricing models changes when the substitutability grows. The e-book sales can canalize the conventional book sales as more readers start to prefer e-books to conventional p-books. However, the pricing model does not help reduce the canalization effect but only slows down the readers' acceptance of e-books. The agency model can generate more profit for the whole system because it also benefits the readers by providing lower-priced books when the degree of substitutability is not very high. Thus, the publishers have higher incentives to adopt the agency pricing model than the wholesale pricing model. This conclusion is consistent with the practical evidence that some publishers switch to agency pricing to deal with Amazon after introducing this pricing strategy to Apple.
When All Participants Make Decisions as a Whole System (Integrated Pricing, IP).
For the whole system consisting of a publisher and two book retailers, the decisions which should be made are the retail prices of the books. Given the retail prices of the books, we can obtain the total profit as follows:
Form the first-and second-order conditions, we can conclude that when 2 − 4 + 4 2 < 0, the total profit of the whole system is concave with respect to and . To maximize the total profit of the whole system, we can obtain the optimal price of the books given by Proposition 6. Figure 4 : Comparison of the total profit of the whole system under different pricing strategies. The profits of the whole system are marked by green when the participants make decision as a whole system, by red when the agency pricing strategy is adopted, and by black when under wholesale pricing model.
Proposition 6. When all participants make decisions as a whole system, the prices of p-books and e-books are given by
To clearly demonstrate the difference the two pricing strategies, we study the circumstance when the demand is symmetric. The prices are given by the following when = 1/2:
Thus, we can derive the profit of the whole system and the publisher as follows:
To better understand the supply chain's efficiency, we then compare the profits of the whole system under different cases. Figure 4 provides information on how the profits of the whole system change when the substitutability changes. Given that the changes in parameters and do not affect the results, we set = 1 and = 0 to simplify the results.
Lemma 7. Given that the demand is symmetric (i.e., = 1/2) and = 0.7, the total profit of the whole system is higher under the agency pricing model than under the wholesale pricing model when the substitutability is not very high.
We can conclude from Figure 4 that the agency policy can help increase the revenues for the whole system when the degree of substitutability is not very high. When the degree of substitutability increases to some extent, the revenue of the whole system under the agency pricing model may decrease because the best decision for the publisher to gain more profit is to sell e-books only.
Impact of Different Parameters and Managerial Insights
Based on the results above, we examine the impact of different reader preferences, price elasticity, and the autonomy of the e-book retailers on price equilibriums.
Impact of Demand Preferences.
We now conduct a numerical study to better understand the impact of the parameters on the results. Note that parameter represents the market share of conventional paper books. When more readers begin to use e-books instead of p-books, the level of will be lower than before. Figure 5 shows the impact of demand preference on the price of books. When more readers start to use e-books, the prices of pbooks increase and the prices of e-books decrease (as shown in Figure 5 ). This observation is consistent with the results reported by Jiang and Katsamakas [30] that the prices in the book market may increase after the entry of e-books. Thus, the result that the prices of the two forms of books are lower under the agency pricing model still holds. is for retail prices of e-books. We can see that when the potential demand market changes, the result that both prices of the books are lower under agency pricing model will still hold. Figure 6 : Profit of the publisher and the whole system when the potential demand changes. Here, we set = 0.3, = 0.7, = 1, = 0.2, and = 1. (a) Profit of the publisher and (b) the profit of the whole system. We can see that when the potential demand market changes, the result that agency pricing model benefits the whole system and the publisher still holds.
The total profit of the whole system and the publisher increases (as shown in Figure 6 ) as more readers accept the e-books because of the e-books' lower cost advantage.
Impact of Price Elasticity.
The agency pricing strategy can generate more profits for the whole system.
As price elasticity increases, the reader becomes more sensitive to the changes in prices (as shown in Figure 7 ). To attract more readers, the participants will price the books at a lower level. The prices of books are expected to decrease as price elasticity increases. The profit of the whole system and the publisher is expected to decrease as price elasticity increases because the competition becomes fiercer when the retailers use the price to attract readers (Figure 8) . Furthermore, the results in Section 3 still hold when the price elasticity changes.
Impact of the Autonomy of e-Book Retailers.
In this section, we consider the situation in which the e-book seller joins the physical book retailer. First, we consider the results under the wholesale pricing model.
Under the Wholesale Pricing Strategy.
When the ebook seller is owned by the p-book retailer, only two players exist in this game. Given the wholesale prices of the books, the bookseller will make his/her pricing decision to maximize the total profit of conventional books and ebooks. The whole profit function of the book retailer is as follows:
When −4 + 4 2 + 2 < 0, the total profit of the whole retailer is concave with respect to and . Given that /(1+ ) ≤ ≤ 1/(1 + ), we can see that the previous inequality holds. Thus, we can obtain the optimal price functions of the p-books and e-books: * = (2 (1 + ) ( − 1) − (1 − ) (2 − 1) ( − 1)
Given the reaction function of the retailer, we can derive the publisher's profit function:
The publisher will make its decision to maximize profit. We can obtain the wholesale price of the books as follows: 
Under the Agency Pricing Strategy.
In this case, the retailer will make the pricing decision of the p-book and the publisher will make the pricing decision of the e-books. The retailer will make his/her decision by maximizing the whole profit of the p-book and e-book sales. The retail's profit function is as follows:
We can obtain the price reaction function of the retailer as * = (1 − + )
The profit function of the publisher is as follows:
When 2 − 4 (1 − )( 2 − 2 2 + 2 ) < 0, the total profit of the publisher is concave with respect to and . We can also obtain the optimal wholesale prices of the p-books and the retail price of e-books.
When the e-book retailer joins the p-books retailer, the publisher will make the wholesale price decision on the cost of the p-books, the own-price elasticity, and the market share under the agency pricing model.
The publisher need not be concerned about the market share when making a decision under the wholesale pricing model. However, in this case, the publisher considers the market share when making decision.
Proposition 9. When the e-book retailer joins the p-book retailer, the wholesale prices of the p-books and the retail prices of the books are given by
In comparing the prices of p-books and e-books under different pricing models, we can see that the autonomy of the e-books retailer does not affect the results.
Conclusion and Future Research Directions
The emergence of e-books portends significant changes in the book industry, and it forces publishers and retailers to reexamine the pricing strategy of books. In this paper, we assumed a deterministic model to address the demand division between the e-books and p-books, with the demand depending on the prices, degree of substitution, and overall market potential. We use a game theory to determine the price equilibriums and profit distribution under a different pricing model. Through a computational study, we explore the behavior of the publisher and the retailer under different degrees of substitution. Our results highlight the benefit of adopting the agency pricing strategy. The findings indicate that the agency pricing strategy will provide readers with low-priced books. Our analysis also shows that the agency pricing strategy will help publishers to gain more profit and benefit the whole system when the degree of substitutability is not very high. The agency pricing strategy provides a new recourse division model proved to be effective and efficient. How much the profit of the whole system and the publisher will improve may depend on the readers' preference toward e-books, the degree of substitution between the two forms of books, and the ownership of the e-books seller. This paper supposes that the demand for books is deterministic, but the demand for a particular book could be uncertain. Our study can be extended by assuming the demand for books as a random variable. For example, future studies could be conducted based on the newsvendor model. The difference in risk sharing under different pricing models could also be explored. Another topic is to consider the dynamic pricing strategy of books.
Appendix
Proof of Proposition 1. The first-order derivatives of with respect to and are given by
The second-order derivatives of the profit of publisher with respect to the wholesale prices are as follows:
Hence, the profit function of the publisher is concave with respect to the prices. We derive the unique equilibrium prices from the first-order conditions as above.
Proof of Lemma 2. Consider
Proof of Proposition 3. The second-order derivatives of the profit of retailer with respect to the retail prices are as follows:
And the second-order derivatives of the profit of the publisher with respect to wholesale prices are given by
Proof of Lemma 4. When = 1/2, the prices of the books under wholesale pricing strategy are as follows: (A.14)
